CoVea canephora leaves and fruits were used to search for types and frequencies of simple sequence repeats (EST-SSRs) with a motif length of 1-6 bp. From a non-redundant (NR) EST set of 5,534 potential unigenes, 6.8% SSR-containing sequences were identiWed, with an average density of one SSR every 7.73 kb of EST sequences. Trinucleotide repeats were found to be the most abundant (34.34%), followed by di-(25.75%) and hexa-nucleotide (22.04%) motifs. The development of unique genic SSR markers was optimized by a computational approach which allowed us to eliminate redundancy in the original EST set and also to test the speciWcity of each pair of designed primers. Twenty-Wve EST-SSRs were developed and used to evaluate cross-species transferability in the CoVea genus. The orthology was supported by the amplicon sequence similarity and the ampliWcation patterns. The >94% identity of Xanking sequences revealed high sequence conservation across the CoVea genus. A high level of polymorphic loci was obtained regardless of the species considered (from 75% for C. liberica to 86% for C. canephora). Moreover, the polymorphism revealed by EST-SSR was similar to that exposed by genomic SSR. It is concluded that CoVea ESTs are a valuable resource for microsatellite mining. EST-SSR markers developed from C. canephora sequences can be easily transferred to other CoVea species for which very little molecular information is available. They constitute a set of conserved orthologous markers, which would be ideal for assessing genetic diversity in coVee trees as well as for cross-referencing transcribed sequences in comparative genomics studies.
Introduction
Microsatellite markers derived from anonymous genomic sequences have been extensively used over the last decade because of their highly interesting properties (Ellegren 2004) . These generally co-dominant and locus-speciWc markers have revealed high polymorphism levels. Good transferability between species and sometimes between genera has often been reported (Dirlewanger et al. 2002; Rallo et al. 2003; GonzalezMartinez et al. 2004; Poncet et al. 2004 ). These features have proven to be of great interest for genetic diversity studies, genetic and comparative mapping (Wu and Tanksley 1993; Gonzalo et al. 2005; Saha et al. 2005; Vigouroux et al. 2005) . However, despite these advantages, they often correspond to non-coding sequences and thus cannot help in seeking candidate genes.
Expressed sequence tags (ESTs) are sequenced portions of complementary DNA copies of mRNA-they represent part of the transcribed portion of the genome in given conditions. As expected, they mainly correspond to relatively conserved sequences. Techniques have been developed to reveal polymorphism associated with such sequences (Cato et al. 2001) , and studies based on intron polymorphism (less conserved genic regions) have also been carried out (Lem and Lallemand 2003) . However, EST sequence analyses revealed approximately 1.5-7.5% of sequences containing microsatellite motifs in cereals (Kantety et al. 2002; Thiel et al. 2003) . Among dicotyledonous species, the frequency of ESTs containing SSRs was found to range from 2.65 to 16.82% (Kumpatla and Mukhopadhyay 2005) . Therefore, regardless of the plant considered, an ever-increasing number of EST sequences provides a complementary source for microsatellite marker identiWcation. Although the conserved nature of coding sequences may limit their polymorphism, it should facilitate cross-ampliWcation of loci among phylogenetically related species (Scott et al. 2000) and even genera. Moreover, they have a high probability of being associated with functional portions of the genome. Among their many applications, these ESTderived markers (EST-SSR) can be used to cross-reference genes between species for enhancing the resolution in comparative genomics studies and identifying conserved genomic regions among species and genera (Brown et al. 2001; Decroocq et al. 2003; Gupta et al. 2003; Saha et al. 2004; Yu et al. 2004; Park et al. 2005; Varshney et al. 2005b ).
In the CoVea genus, SSR markers have recently become more available through the construction of enriched genomic microsatellite libraries (Rovelli et al. 2000; Dufour et al. 2001; Baruah et al. 2003) . Microsatellite markers were further evaluated for ampliWcation among CoVea species (Baruah et al. 2003; Moncada and McCouch 2004; Poncet et al. 2004) . Good crossspecies transferability and high genetic diversity were generally observed. However, only a handful of linkage maps have been constructed, including these markers (Lashermes et al. 2001; Coulibaly et al. 2003; N'Diaye et al. 2006) . These maps were mainly constructed using AFLP markers but their relevance for coVee tree breeding programs is limited. Moreover, current CoVea maps derived from diVerent CoVea species hardly ever share an adequate number of common (anchor) markers to be able to bridge maps.
Public accessibility to CoVea EST databases is limited to an SSH library of 527 non-redundant (NR) EST sequences associated with reactions to the rust fungus (Fernandez et al. 2004 ). These resources were very recently enhanced by the generation of 13,175 unigenes from C. canephora (Lin et al. 2005) . Only nine EST-SSR markers have been developed to date (Bhat et al. 2005) .
We recently developed two C. canephora EST sequence sets in our laboratory from cDNA isolated from leaves and fruits at diVerent development and maturation stages (total of 10,420 sequences, unpublished data). The Wrst objective of the present study was to identify and characterize microsatellites present in the NR set of our ESTs to evaluate its potential as a source for marker development. The second aim was to develop a set of highly polymorphic markers that could cross-amplify and distinguish between CoVea species.
Here we report the development of EST-SSR markers based on C. canephora sequences and their crossspecies transferability to six CoVea species. Locus orthology was monitored by analyzing ampliWcation patterns and by sequencing some amplicons. Relevant information about the mutation model and the evolution of these loci was also noted. Polymorphisms detected within and between a set of CoVea species was also analyzed to assess whether these markers could be useful for diversity studies and distinguishing between CoVea species. We identiWed a set of anchor markers, most of them within genes of functional relevance, which would be helpful for functional and comparative mapping within the CoVea genus.
Materials and methods

Plant DNA
CoVee trees were maintained in a tropical greenhouse at the IRD research center in Montpellier (France).
Total DNA from fully developed leaves was extracted according to Ky et al. (2000) . Seven species (C. canephora Pierre, known as Robusta (CAN), C. eugenioides Moore (EUG), C. heterocalyx StoVelen (HET), C. liberica Portères (LIB), C. dewevrei Portères (DEW), C. sp. Moloundou (MOL), and C. pseudozanguebariae Bridson (PSE)) representing the three African main geographical clades (Lashermes et al. 1997) were analyzed. Polymorphism was assessed in 12 CAN, 10 DEW, 10 PSE and 8 LIB, representative of the genetic diversity of the four species, plus 2 EUG, 2 MOL, and the only known HET individual.
Data mining for SSR markers
The coVee EST databases used in this project were developed in our laboratory (de Kochko et al., unpublished data) . They contained 10,420 sequences derived from fruit (5,814 sequences) and leaf (4,606) cDNA libraries (valid sequences submitted to GenBank under accession numbers EE191792-EE200565). The raw chromatograms were processed using ESTdb software (http://www.mpl.ird.fr/bioinfo/). ESTdb is a set of analytical procedures that automatically verify, cleanse, store and analyze ESTs generated in our laboratory. ESTdb has three major components: (1) a pipeline analysis program based on public software integrated by an in-house developed script, (2) the results and related information are stored in a relational database accessible through (3) a web interface (Fig. 1) . The functions of the EST sequences were predicted through similarity searches from protein sequence GenBank databases (http://www.ncbi.nlm.nih.gov) using BLASTx (Altschul et al. 1997) . Potential unigenes (contigs and singletons from all EST sequences processed simultaneously) were identiWed after clustering for a NR EST set.
These unigene sequences were screened for the presence of perfect and imperfect microsatellites using SSRpipeline, a Perl script developed by DubreuilTranchant (SSRpipeline is publicly available at http:// www.mpl.ird.fr/bioinfo/). This program integrated three public software packages: (1) a Perl program developed by Cartingour (http://www.gramene.org) which detects perfect microsatellites, (2) Repeat Tandem Finder, an SSR repeat Wnder (http://www.tandem.bu.edu), and (3) Primer3, a PCR primer design program (Rozen and Skaletsky 2000) . Moreover, this program allowed us to check the speciWcity of primer pairs by blasting against the EST sequences. This tool screened each sequence for SSRs. The parameters were set for detection of mono-, di-, tri-, tetra-, penta-, and hexanucleotide motifs with a minimum of 15, 9, 6, 5, 4, and 3 repeats, respectively. The major primer design parameters were set as follows: primer length from 18 to 21 bp (optimum 20), PCR product size from 100 to 300 bp, optimum annealing temperature 60°C.
A set of 25 EST-SSR primers was further analyzed (sequences submitted to GenBank under accession numbers DQ778713-DQ778737). They were selected based on the feature of the sequence: we kept in priority 
Microsatellite cloning and sequencing
Genomic DNAs were ampliWed with the appropriate forward and reverse primers but without the infrared Xuorescent M13. The products were puriWed using EZNA Cycle-Pure (OMEGA Bio-Tek, Doraville, GA, USA) and cloned onto the pCR®4-Topo plasmid using the TOPO TA cloning kit (Invitrogen, Groningen, The Netherlands) according to the manufacturer's instructions.
Cloning eYciency was checked through PCR ampliWcation of several colonies. The resulting products were run on polyacrylamide gels, with the initial genomic DNA ampliWcation outcome as control. The resolution used at this step was especially important to distinguish the two alleles from heterozygous individuals.
After plasmid DNA puriWcation (Sambrook et al. 1989) , the cloned PCR fragments were sequenced by MWG-Biotech (http://www.mwg-biotech.com/html/all/ index.php). The sequence data have been submitted to GenBank under accession numbers DQ787368-DQ787384. Sequences were edited and analyzed using the DNASTAR software package (Lasergene, Madison, WI, USA).
Data analysis
Number of alleles, observed heterozygosity (Ho), gene diversity (or expected heterozygosity, He), polymorphism information content (PIC), null allele frequency (rb) and heterozygote deWciency or excess (Fis) were calculated for each locus and for the four species represented by more than Wve genotypes, as indicated in Poncet et al. (2004) , using PowerMarker (Liu and Muse 2005) . For each species, polymorphic loci at 0.05 threshold frequency and mean allele number per polymorphic locus were evaluated.
Results
EST unigene sets
A total of 9,820 (94%) valid ESTs were obtained from all CoVea canephora chromatogram Wles. The average length was 602 bp. After clustering and assembly, 5,534 unigenes were identiWed, including 3,747 singletons and 1,787 contigs. The BLAST results revealed that about 22.3% of these NR ESTs showed no similarity to any GenBank sequences. Less than 0.03% of the ESTs was predicted to be from plastid cDNA.
Frequency and distribution of C. canephora EST-SSR
EST-SSRs were mined from a NR EST set of 5,534 potential unigenes. According to the search criteria adopted, 431 unique SSRs were found within a total of 376 unigenes. The chance of Wnding an SSR-containing sequence in the NR EST database was thus 6.8%, with an average density of one microsatellite every 7.73 kb.
Tri-nucleotide motifs were the most abundant (34.34%), followed by di-(25.75%), and hexa-nucleotide repeats (22.04%) (Fig. 2) . The most abundant trinucleotide repeat motif was AGG/TCC (23%), followed by AAG/TTC (20.3%) and AAC/TTG and AAT/TTA were the least abundant motifs (3.4% each) (Fig. 2) . Among the di-nucleotide motifs, GA/CT was the most abundant (62.2%) and no GC/CG motif was found. For all repeat classes, the mean SSR length was 20.6 bp, but was higher for dinucleotides (24.1 bp), with a maximum of 94 bp.
Out of the 25 EST-SSRs used for designing primers, nine were found in translated regions, eight in the 5Ј untranslated terminal region (5Ј UTR) and four in the 3Ј UTR. The four other sequences generated no hits in the similarity search (Table 1) .
Conservation of orthologous SSR loci among CoVea species
To assess the conservation of C. canephora microsatellite loci across CoVea species, we tested the cross-ampliWcation of 25 primer pairs on seven species representing three diVerent CoVea phylogenetic clades.
Out of 25, 24 primer pairs ampliWed at least one species (only ES21 could not) ( Table 2) . Two microsatellites (ES3, ES15) did not amplify well, and the ampliWed products were substantially larger than expected. Finally, cross-species transferability within the CoVea genus was very high since each primer pair yielded a PCR product in an average of 6.1 species (out of seven tested) and 14 (56%) gave ampliWcation with all tested CoVea species.
One or two bands per genotype were observed in all but one of the readable ampliWcation patterns obtained, suggesting that there was selective ampliWcation of one locus. The ES11 primer pair ampliWed 3-6 products with some C. liberica genotypes, indicating a possible triplicate sequence-this was considered as missing data for the subsequent analyses.
Given that primers were designed on the basis of C. canephora EST sequences, amplicons produced from C. canephora genomic DNA had the expected size in most cases (Table 2) , consistent with locus-speciWc ampliWcation. In all other CoVea species, the allele sizes also did not substantially diVer from the expected size, which was consistent with selective orthologous ampliWcation. The microsatellite allele size distributions, expressed in base pairs, Wtted the stepwise model in most cases (Table 2 )-with allelic diVerences, which are multiples of the repeat motif even if some intermediate allelic states were missing. Some "jumps" in allele size distribution, associated with mixed distribution patterns, might be attributed to the additional (12) DEW (10) PSE (10) LIB (8) HET (1) EUG (2) MOL ( contribution of insertions/deletions (indels) in the ampliWed region. This pattern was observed between species at the ES16 locus. However, some substantial allele size diVerences were observed with three primer pairs (ES3, ES15 and ES17), with amplicons much larger than expected, irrespective of the species. For instance, the observed allele size for ES17 was about 640 bp for all species versus 319 bp expected. Products obtained by ampliWcation with ES2, ES4, ES6, ES16, ES17, ES19, and ES25 primer pairs were cloned and sequenced to conWrm the orthology. They were also analyzed to identify the origin of within-and between-species polymorphism as well as discrepancies between the observed and expected allele sizes (Table 3 ). The genotypes chosen for cloning presented allele sizes at the extremes of the distribution of a given marker. The relative sequence sizes were in agreement with the sizes evaluated after migration, with a mean SAGA software underestimation of ¡6.72 bp. The genomic DNA sequences clariWed three main points: (1) there was strong sequence homology all along the regions Xanking the repeat motif between amplicons derived from diVerent species (mean 96.9% identity), in agreement with the ampliWcation of orthologous loci; (2) the observed polymorphism mainly resulted from variations in repeat number, although some more complex mutation patterns (ES6, ES16) were also detected, involving additional variation of indels in the Xanking sequences; (3) the large size of ES17 genomic fragments was due to ampliWcation of a 426 bp intron in all species, although the polymorphism still resulted from a diVerent number of repeats
Within-and between-species polymorphism
The number and molecular size ranges of alleles obtained with each EST-SSR are shown in Table 2 together with the number of polymorphic loci. One locus appeared to be monomorphic for C. liberica (ES19), two for C. canephora (ES6, ES14) and C. pseudozanguebariae (ES9, ES10), and three for C. dewevrei (ES18, ES19, ES20). For the remaining loci, up to 12 alleles per locus were recorded (ES23 ampliWcation in C. pseudozanguebariae). For the three species represented by one (C. heterocalyx), two (C. sp. Moloundou) or three (C. eugenioides) genotypes, 18 alleles at 17 and 15 loci were detected for C. heterocalyx and C. sp. Moloundou, respectively, while 33 alleles at 19 loci were observed for C. eugenioides.
When considering markers with di-, tri-, and more microsatellite repeated motifs, the average number of alleles detected per locus was 14.3 (86 alleles, 6 loci), 9.7 (107 alleles, 11 loci) and 5.7 (17 alleles, 3 loci), (12) DEW (10) PSE (10) LIB (8) HET (1) EUG (2) MOL ( respectively. When considering the location of the microsatellite motif in relation with the gene annotation, an average of 8.1 (73/9), 12.7 (11/3), and 11.4 (57/ 5) alleles per locus were obtained for ORF, 3ЈUTR and 5ЈUTR locations, respectively. Clearly readable loci were analyzed to evaluate genetic diversity parameters, while taking into account only single-locus markers which gave an ampliWcation with more than Wve genotypes per species, between 16 (C. liberica) to 21 (C. canephora) ( Table 4) . A high level of polymorphic loci was observed whatever the species considered (from 75% (C. liberica) to 86% (C. canephora)). The mean allele number per polymorphic locus was highest for C. canephora (6.4) while lower but similar values were obtained for C. dewevrei, C. liberica, and C. pseudozanguebariae (4.1, 4.1, and 3.5, respectively).
The observed heterozygosity was lowest for C. pseudozanguebariae (0.28) and highest for C. liberica and C. canephora (0.52 and 0.51, respectively). The PIC value ranged from 0 (monomorph locus) to 0.91 (ES23 for C. pseudozanguebariae, highly polymorphic locus) across the four species, with the lowest average value obtained for C. pseudozanguebariae (0.40) and similar average values for C. canephora and C. liberica (0.59 and 0.57). There was no signiWcant correlation between interspeciWc PIC values except for the C. liberica/C. dewevrei combination (0.78; P = 0.003).
Although variations between loci were observed, a global heterozygote deWcit (Fis = 0.10-0.26) and the presence of null alleles (rb = 0.03-0.09) could be estimated for all species. The lowest values were obtained for C. canephora and C. liberica, while the highest were obtained for C. dewevrei and C. pseudozanguebariae.
Diagnostic alleles and locus identiWcation
Allele sizes identiWed for the cultivated species C. canephora (CAN) were compared to the others. DEW/PSE species comparison was also considered since this couple was involved in the Wrst interspeciWc map (Ky et al. 2000) . From 4 to 16 loci could be identiWed as diagnostic markers, i.e. markers for which there were no shared alleles between species (Table 4) . The smallest number of such loci was obtained for the CAN/ LIB comparison and the greatest for CAN/MOL. Moreover, within these markers, some were characterized by a non-overlapping allele size distribution for both species: four for CAN/PSE, seven for CAN/HET, three for CAN/LIB, six for CAN/EUG, seven for CAN/ MOL, and Wve for PSE/DEW comparisons.
Discussion
ESTs are a rich source of SSRs in CoVea A total of 431 unique SSRs were identiWed from 5,534 potential unigenes. These results clearly demonstrated that CoVea ESTs are a valuable resource for mining SSR markers. Random sequencing within cDNA libraries leads to a high proportion of redundant ESTs. In our study, redundancy was eliminated prior to analysis in order to reduce the dataset size. The advantage of using NR ESTs is to avoid overestimation of the EST-SSR frequency. For example, after redundancy elimination, Kumpatla and Mukhopadhyay (2005) observed 37.3% loss in the number of SSR-EST for Arabidopsis thaliana.
For coVee trees, we found that 6.8% potential unigenes contained microsatellite motifs, with an average of one microsatellite every 7.73 kb of EST sequence. This SSR-EST frequency was in the 2.65-10.62% range obtained by Kumpatla and Mukhopadhyay (2005) for dicot species. It was slightly higher than the 1.5-4.7% range reported by Kantety et al. (2002) for monocots. The overall frequency and the frequency of the diVerent repeat motifs are known to be dependent on the presence or not of redundancy, but also related to the criteria used to identify SSR in the database mining. In general, when the minimum repeat length is 20 bp, microsatellites of various plant species are present in about 5% of ESTs (Varshney et al. 2005a) . Our results were somewhat in agreement with this estimation although our overall SSR-EST frequency might have been inXated by the detection of hexanucleodide repeat motifs in the analysis, a factor that is seldom considered in other studies (see below).
In C. canephora ESTs, trinucleotide repeats were found to be the most abundant (34.34%), followed by di-(25.75%) and hexa-nucleotide motifs (22.04%).
Trinucleotide repeats are generally the most common motif found in both monocots (54-78 % among cereals, Varshney et al. 2005a ) and dicots (for example 51.5% in Medicago truncatula, Eujayl et al. 2004) . Only one report (Kumpatla and Mukhopadhyay 2005) has described the prevalence of dinucleotide repeats in most of the dicots investigated. However, they suggested that their result might have been due to the over-representation of untranslated regions (UTRs) compared with open reading frames (ORFs). Indeed, because of the absence of frameshift mutations when there are length variations in tri-and hexanucleotide repeats, these motifs are found in excess in both coding and noncoding sequences, but other repeat types are much less frequent in coding regions than in UTRs (Metzgar et al. 2000) . Our results conWrmed this distribution (Table 1) : 7/9 microsatellites found in coding sequences were trinucleotide repeats and one was an hexanucleotide repeat, whereas microsatellites in UTR were mainly dinucleotide repeats (6/12) and trinucleotide repeats (3/12).
As most microsatellite libraries used for marker development are generally enriched in di-, tri-and tetra-nucleotide repeats, computational mining of EST databases mainly involves these types of motifs (Kantety et al. 2002; Morgante et al. 2002; Eujayl et al. 2004; Pinto et al. 2004; La Rota et al. 2005 ). However, a nonnegligible abundance of mono-and hexanucleotide SSRs was observed in our study, i.e. 12.30 and 22.04%, respectively (Fig. 2) . These data were in close agreement with those of Gao (2003) , and supported the results obtained by Kumpatla and Mukhopadhyay (2005) and Morgante et al. (2002) on the abundance of mononucleotide SSRs. Moreover, when considering CoVea microsatellites with mono-to hexanucleotide repeats, their relative distribution matched that noted in soybean (Gao et al. 2003 ; Fig. 2) .
The GA/CT motif was the most abundant dinucleotide motif (62.2%) in our CoVea ESTs. These motifs were also the most frequently observed SSRs in plants (Scott et al. 2000; Gao et al. 2003; Thiel et al. 2003; Saha et al. 2004) . The most abundant tri-nucleotide repeat motif detected in the present study was AGG/TCC (23%), closely followed by AAG/TTC (20.3%). These results are in agreement with other reports on dicot species (Scott et al. 2000; Eujayl et al. 2004; Kumpatla and Mukhopadhyay 2005) . The rare CCG/GGC frequency compared with rice ( Fig. 2) conWrmed the general trends noted in monocots, i.e. they have more CG-rich trinucleotide repeats than dicots (Morgante et al. 2002) .
Ortholog ampliWcation and cross-species transferability
Our computational strategy to detect NR SSRs and develop unique EST-SSR markers appeared eYcient since nearly all the markers appeared to be single locus speciWc.
The use of a set of NR sequences was important for the development of unique genic SSR markers. The speciWcity of the designed primer pairs was then checked by blasting against the EST sequences. However, the presence of paralogs (sequences derived from duplication events) together with orthologs (sequences derived from a common ancestor), might still be possible and the source of diYculties in interpreting betweenspecies comparisons. The >94% identity of amplicon sequences in SSR Xanking regions and the maintenance of repeat motifs conWrmed the cross-species sequence conservation and the primer speciWcity. Finally, the orthology was further conWrmed by an analysis of ampliWcation patterns (size and number of ampliWcation products).
Cross-species transferability within the CoVea genus was very high since each primer pair yielded a PCR product in an average of 6.1 species (out of seven tested) and 14 (56%) gave ampliWcation with all the tested CoVea species, regardless of the phylogenetic relationships. This is an important feature of genic SSR markers, which are transferable among distantly related species or even genera (Decroocq et al. 2003; Liewlaksaneeyanawin et al. 2004; Varshney et al. 2005b; Sethy et al. 2006 ). Compared to previous results based on genomic microsatellites (Poncet et al. 2004 ), EST-SSR appeared to be more transportable markers (62.5-92 vs. 61.7%). Similarly, the transferability of EST-SSR markers from Pinus taeda (loblolly pine) to P. contorta ssp. latifolia was total, while it was only less than a third for non-EST derived microsatellite markers (Liewlaksaneeyanawin et al. 2004 ).
EST-SSR polymorphism
A high level of polymorphic loci was noted whatever the species considered. Although the conserved nature of EST-SSR promoted transferability, it could also have limited polymorphism. This has been suggested in several reports where the level of EST-SSR polymorphism was lower than that with SSR derived from genomic libraries (Cho et al. 2000; Eujayl et al. 2001; Gupta et al. 2003 ). However, some recent studies reported high levels of polymorphism with EST-SRR markers Fraser et al. 2004; Saha et al. 2004) , with cases where EST-SSR markers were associated with equivalent or even higher levels of polymorphism than genomic SSR (e.g. Liewlaksaneeyanawin et al. 2004; Varshney et al. 2005a ). Our results on seven CoVea species also supported these observations. Three to 19 alleles per polymorphic locus were recorded among the set of species tested. This range is larger than that reported by Bhat et al. (2005) -7-13 alleles detected using nine EST-SSR-although a wider spectrum of species was tested (14 CoVea and four Psilanthus). Interestingly, it is also larger than that noted by Poncet et al. (2004) , with around 60 genomic microsatellites analyzed on four CoVea species (2 to 9 alleles). A comparison of genetic parameters estimated from this previous study (Poncet et al. 2004 ) and the present results could be illustrated with two examples. First, the cultivated species C. canephora displayed higher values with EST-SSR than with genomic microsatellites, i.e. mean allele number per locus (5.7 vs. 3.6), observed heterozygosity (0.51 vs. 0.38) and PIC (0.59 vs. 0.48). Secondly, comparable values for these three parameters and for the mean Fis value were obtained for C. pseudozanguebariae independently of the type of SSR marker.
A comparison of genetic parameters obtained for each species illustrated that EST-SSR markers were ideal for assessing genetic diversity in coVee trees. For example, C. pseudozanguebariae appeared to be less polymorphic than C. canephora when both genomic microsatellite and EST-SSR markers were used and less polymorphic than C. dewevrei and C. liberica when using EST-SSR markers. This observation is in agreement with the more restricted geographical distribution of C. pseudozanguebariae. When considering the two related species C. liberica and C. dewevrei, they diVerentiated earlier when using morphological traits, molecular markers (AFLP) and male fertility of F 1 hybrids (N'Diaye et al. 2005 ). The C. dewevrei individuals analyzed in the present study were formerly cultivated genotypes collected in the Central African Republic. The C. liberica sample corresponded to a mix of geographic origins comprising cultivated and wild forms. Under these conditions, it was not surprising to observe higher levels of PIC and heterozygosity associated with lower Fis values, and a null allele frequency (rb).
Another important feature of our EST-SSRs was their eYciency in distinguishing individuals from pairs of related species. 40 to 52% diagnostic loci were identiWed when the Wve interspeciWc combinations (CAN/ EUG, CAN/HET, CAN/LIB, CAN/PSE and PSE/ DEW) were considered.
Finally, our results demonstrated that: (1) C. canephora EST-SSR markers can be easily transferred to wild CoVea species for which no information is available on their DNA sequences; (2) they are good candidates for the development of conserved orthologous markers for genetic analysis across CoVea species. This high degree of transferability between species will facilitate comparative mapping and homologous gene cloning.
